Background The statin authorisation form implemented in the Netherlands in January 2009 has led to significant switching of patients from atorvastatin to generic simvastatin, but often to less than equipotent doses. We sought to assess the potential consequences of this. Methods A modelling analysis was undertaken using data from a pharmacy database covering the majority of drug prescriptions in the Netherlands. Recent meta-analyses provided data on the dose-specific, lipid-modifying potencies of atorvastatin and simvastatin, and the relationship between reduction in low-density lipoprotein cholesterol (LDL-C) achieved by statin therapy and relative reduction in risk of cardiovascular disease (CVD). Results In the first quarter of 2009, 33.7%, 47.2% and 19.1% of Dutch patients initially on atorvastatin were switched to less potent, equipotent and more potent doses of simvastatin, respectively. The net effect was estimated to be a 6.8% increase in LDL-C. Assuming a pre-switch LDL-C of 2 mmol/L, the predicted relative increases (95%CI) in the risks of all-cause mortality and major cardiovascular events were 1.7% (0.9%-2.6%) and 2.8% (1.6%-4.1%), respectively. Conclusions In the Netherlands, policy-driven switching from atorvastatin to generic simvastatin led overall to less potent doses being used, with possible significant clinical implications.
Introduction
Confronted with very large and ever-increasing healthcare budgets, healthcare payers in many countries have sought to restrain pharmaceutical costs, including through a variety of policy-driven initiatives such as generic prescribing metrics (UK and Netherlands), restrictions to expensive drugs (Australia) and population-based switching policies (Norway).
HMG CoA reductase inhibitors (statins), which are used to modify serum lipid levels and reduce the risk of cardiovascular disease (CVD), are one class of medicines in which 'containment' policies have been implemented because simvastatin and pravastatin are now generic and available at much lower prices. Whereas CVD management guidelines issued by the US and European authorities [1, 2] do not recommend specific statins, some nationally issued guidelines do. For example, the National Institute for Therapeutics and Clinical Excellence (NICE) in the UK recommends starting therapy with simvastatin (40 mg daily) [3] , while simvastatin 40 mg and pravastatin 40 mg are recommended in the current Dutch Cardiovascular Risk Management Guidelines [4] . In the Netherlands, only in situations where patients at very high risk of CVD (for example, recurrent myocardial infarction, familial predisposition and multiple risk factors), or where the preferred statins would not achieve the recommended goal of <2.5 mmol/l for low-density lipoprotein cholesterol (LDL-C), do the guidelines recommend more potent, still-branded statins (atorvastatin or rosuvastatin).
Following policy advice that was directed at controlling the cost of statins [5] , the Dutch Ministry of Health revised reimbursement conditions for statins in line with the Dutch Cardiovascular Risk Management Guidelines in January 2009. Health insurers then introduced an authorisation form for atorvastatin, rosuvastatin, fluvastatin and ezetimibe, which required clinicians to state that these drugs were being prescribed in accordance with the Guidelines. As intended, the authorisation process led to many Dutch patients being switched from branded statins to generic statins [6] . For example, in the first 3 months of 2009, respectively, 14.8%, 15.6% and 14.5% of patients initially on atorvastatin were switched to generic simvastatin. However, many of these switches were to less potent doses in terms of LDL-C lowering.
We sought to estimate the potential impact, in terms of LDL-C control and subsequent cardiovascular risk, of patterns of atorvastatin-to-simvastatin switching recently observed in the Netherlands.
Methods
Patterns of switching from atorvastatin to generic simvastatin Data regarding statin switching patterns were derived from the Dutch Foundation for Pharmaceutical Statistics (Stichting Farmaceutische Kengetallen, SFK) [6] . The SFK directly gathers prescribing data from over 1800 (of the nearly 2000) community pharmacies from across the Netherlands, which collectively serve 15 million (90%) of the Dutch population.
Statin switching data were drawn from the period January to March 2009, immediately after the implementation of the statin authorisation form. In this period, 39,031 Dutch patients were switched from atorvastatin to generic simvastatin, representing 15% of the patients previously taking atorvastatin. Dose-specific switching patterns from atorvastatin to generic simvastatin for these 39,031 patients are summarised in Table 1. LDL-C lowering effects of switching from atorvastatin and generic simvastatin
The proportional LDL-C lowering effects of atorvastatin and simvastatin, at various daily doses, were derived from the meta-analysis by Law et al. [7] , and are summarised in Table 2 . Using these data, proportional changes to LDL-C were calculated for each dose-specific switch from atorvastatin to generic simvastatin. For example, if a patient had been switched from 10 mg daily of atorvastatin (associated with a 37.3% reduction in LDL-C) to 10 mg daily of simvastatin (associated with a 27.3% reduction in LDL-C), then a 10% (37.3% minus 27.3%) rise in LDL-C was assumed.
Cardiovascular risk effects of switching from atorvastatin and generic simvastatin To estimate changes in cardiovascular risk associated with observed patterns of switching from atorvastatin to generic simvastatin, the proportional changes to LDL-C expected to arise from switching were combined with data from a metaanalysis undertaken by the Cholesterol Treatment Trialists Collaborators (CTTC) [8] , which estimated relative risk reductions conferred by statin-induced reduction in LDL-C for various cardiovascular outcomes. A summary of the key results for the CTTC meta-analysis is provided in Table 3 .
Uncertainty analyses
Uncertainty (probabilistic sensitivity) analysis was undertaken via Monte Carlo simulation [9] with 10,000 iterations, based on the following variations to key input parameters:
& LDL-C lowering effects of atorvastatin and simvastatin at the various daily doses: triangular uncertainty ranges capturing the lower limits of the 95% confidence interval, the point estimates and the upper limits of the 95% confidence interval (Table 2 ) & Relative risk reductions associated with every mmol/L reduction in LDL-C conferred by statins: triangular uncertainty ranges capturing the lower limits of the 95% confidence interval, the point estimates and the upper limits of the 95% confidence interval (Table 3 ).
In brief, Monte Carlo simulation involves undertaking multiple repeated analyses, with each analysis sampling an input value from a specified uncertainty range (as with LDL-C lowering and relative risk reductions above). Multiple outputs are generated from the repeated analyses, which collectively reflect the uncertainty inherent in the inputs, and around which uncertainty ranges can be described.
All analyses were undertaken in Microsoft Excel (Microsoft Corporation, Redmond, WA, USA). Monte Carlo simulation was enabled in Microsoft Excel by addition of the software macro @Risk (Palisade Corporation, New York, NY, USA).
Results

Patterns of switching from atorvastatin and generic simvastatin
Assuming a 2:1 ratio of LDL-C lowering potency for atorvastatin versus simvastatin [7, 10] , SFK data from the first 3 months of 2009 indicate that 33.7%, 47.2% and 19.1% of switches from atorvastatin were to less potent, equipotent and more potent doses, respectively, of generic simvastatin. The weighted average daily dose of initial atorvastatin was 19.6 mg, and 32.9 mg for switched generic simvastatin.
LDL-C lowering effects of switching from atorvastatin and generic simvastatin Based on data by Law et al. [7] regarding the proportional LDL-C lowering effects of atorvastatin and simvastatin ( Table 2) , expected proportional changes to LDL-C were calculated for each dose-specific switch from atorvastatin to generic simvastatin, and are summarised in Table 4 . Combining these data with the patterns of switching observed in the Netherlands in the first 3 months of 2009 (Table 1) , the predicted net effect was a 6.8% increase in LDL-C.
Cardiovascular risk effects of switching from atorvastatin and generic simvastatin
The predicted relative changes in risk for various cardiovascular outcomes were dependent on the baseline (atorvastatin-treated, pre-switch) LDL-C levels. Weighted-average results for five assumed levels of baseline LDL-C (2.0, 2.5, 3.0, 3.5 and 4.0 mmol/L) are summarised in Table 5 .
Discussion
Implementation of the statin authorisation form in the Netherlands in January 2009 resulted in many patients being switched from branded atorvastatin to generic simvastatin at less than therapeutically equivalent doses.
Based on the observed switching patterns, our simple analysis predicts an increase in cardiovascular events that have to be weighed against the net cost savings from switching. It highlights the need for health policy makers to be conscious of the potential adverse, unintended consequences of policy changes, and for clinicians to be aware of dose equivalences among statins.
Observational data show that patients in other countries have also been switched to a less than therapeutically equivalent dose of a generic statin. In the US, Hess et al. [11] undertook a large retrospective analysis of 453,409 patients and found that of those who switched to simvastatin, 38% received a lower therapeutic dose. Similar proportions were noted by Aronow et al. [12] . In the Hess study, which reported on dose-specific switching patterns, the proportion of patients receiving a lower than equivalent dose of simvastatin ranged from 18% in those who had previously received 10 mg atorvastatin to 73% in those who had previously received 40 mg atorvastatin. This suggests that high-risk patients, who require more intensive therapy to reduce cardiovascular risk, are particularly prone to under-treatment as a result of switching to a less potent generic statin.
A retrospective study conducted in Germany found that 44.5% of 805 patients switched from atorvastatin received a dose of another statin in replacement that was less than therapeutically equivalent to their previous dose [13] . Similar to our findings, a recent US study by Rublee and Burke [14] noted that among 1048 patients who were switched from atorvastatin to simvastatin, switching was from a mean daily dose of 20.9 mg (±15.3) to a mean daily dose of 32.6 mg (±17.9).
The findings of our and others' studies suggest that many clinicians are unaware of the differences in potencies between the statins. This notion is supported by a US study which found that while 98.2% of patients who were switched to a generic version of their originally prescribed branded statin ('generic substitution') were prescribed the same dose, only 65.4% of patients switched to a different generic statin ('therapeutic substitution') received an equipotent dose [15] . Moreover, these percentages were estimated based on a therapeutic equivalence between atorvastatin and simvastatin of 1:2, rather than the more commonly accepted equivalence of between 1:3 and 1:4.
Our model estimates an increase in cardiovascular events based on the expected negative effect on LDL-C levels. This clinically intuitive assumption is supported by a number of observational studies from across the world showing that switching from atorvastatin to simvastatin is associated with a negative impact on LDL-C levels. A German study showed that patients who discontinued treatment with atorvastatin (ceased or switched to other lipid-lowering treatment) experienced significant increases in total cholesterol, LDL-C and triglyceride levels (p<0.001) [13] . In those who remained on atorvastatin, lipid levels did not change. The study by Aronow et al. in the US [12] , which was based on patients at high cardiovascular risk (with a history of coronary heart disease or equivalent), found that switching from atorvastatin to simvastatin was associated with increased LDL-C levels (2.26 versus 2.36 mmol/L; p00.009). In the sub-group of patients who were prescribed a less potent dose of simvastatin, the difference in LDL-C was even higher (2.26 versus 2.46 mmol/L; p00.002).
We are aware of only two studies to date that have assessed the impact of switching in terms of cardiovascular outcomes, the first in the UK in a population treated in the community (comprising a mix of primary and secondary prevention patients) [16] and the second in Italy in patients with acute coronary syndromes (ACS) [17] . The UK study of 11,520 patients showed that those who switched from atorvastatin to simvastatin (2511 patients), compared with those who remained on atorvastatin (9009 patients), had a significantly increased adjusted risk of the composite endpoint of all-cause death and major cardiovascular event (+30%; p 00.03), a major cardiovascular event alone (+43%; p 00.008), and stroke (+114%; p 00.009) [16] . Colivicchi et al. studied Italian ACS patients discharged on high-dose atorvastatin (80 mg) and found a statistically significant increased risk of adverse outcomes (all-cause death, non-fatal myocardial infarction and stroke) at 1 year (p 00.004) among patients who were switched from atorvastatin 80 mg to another statin therapy (including simvastatin, pravastatin, fluvastatin or a lower dose of atorvastatin) [17] .
Limitations
The first limitation to our study is one common to all modelling analyses: use of data from a variety of sources (not all 'controlled trials') to extrapolate and suggest an association between changes in prescribing behaviour and cardiovascular outcomes. This introduces uncertainty that we attempted to capture via Monte Carlo simulation. Secondly, the switching data from the SFK, upon which this analysis was based, were obtained retrospectively and hence the reasons for switching were not known. It may be that that some patients were switched because of their being at lower cardiovascular risk.
Regardless, that they were switched to less potent doses of simvastatin would still have led to increases in LDL-C levels and cardiovascular risk. Lastly, while the Dutch SFK data covered national prescribing practices, there are regional differences in the Netherlands that the study was unable to account for. As with all such analyses, the patient sample may not have been a representative population. If selection bias was present, we are not aware of the direction in which the results would have been biased.
Conclusion
In the Netherlands, policy-driven switching from atorvastatin to generic simvastatin led overall to less potent doses being used, with implications for increased risk of downstream CVD and death. Health policy makers need to be conscious of the potential adverse health consequences of financially motivated policy changes, and clinicians need to be aware of dose equivalences among statins.
